To investigate the pathological mechanisms of polymyositis, we performed immunohistochemical analyses with biopsied muscles. Comparative studies using specimens obtained from the same patient enabled us to analyze the pathological alterations at different sequential clinical phases without taking into account each immunogenetic difference. Expression of MHC(major histocompatibility complex) antigens, especially ectopic MHC-class-II antigens, in muscle fibers and infiltrating T-cells were shown to increase concomitantly with the clinically observed exacerbation. Moreover, other observations seem to support the possibilities that 1) administration of steroids lowers the number of invading CD8-positive cells, 2) induction of MHC-class-I antigens in muscle fibers precedes the inflammatory cell infiltration and that 3) remaining MHC-class-I antigens in muscle fibers mayexplain the recurrence of myositis often observed in the follow up period.
Introduction
Polymyositis, one of the representative inflammatory myopathies, is considered to be caused by disturbances of the immune system. However, its pathogenesis has yet to be determined. Fundamental questions regarding both the origin of target antigens and factors initiating the immunereaction remain unclear ( 1 ) . Recently, many investigators have utilized monoclonal antibody analysis to identify the infiltrating mononuclear cells and have concluded that cytotoxic T-cells and macrophages are the most likely candidates (2-4). However, there are few reports describing immunohistochemically the serial alterations of biopsied muscles in the course of myositis. Our studies included four polymyositis patients from whommuscle samples were biopsied at different clinical stages. Therefore, we could compare and analyze the different conditions of muscles from the same patients without necessarily needing to take into account the individual immunogenetic differences.
Material and Methods
Eight muscle specimens from four different patients with polymyositis (PM) were examined in the present study. Informed consent were obtained from each patient prior to biopsy. Thediagnosis of polymyositis wasbased on the criteria proposed by Bohan and Petre (5). All patients included in the present study exhibited predominantly proximal and symmetrical muscle weakness. Serumcreatinine kinase (CK) levels were elevated and electomyography (EMG) showed myopathic changes. In spite of the detailed immunological investigations, none of the causative agents such as viruses or other infectious agents, including toxoplasma, were revealed. None of the patients had been treated with steroid or other immunosuppressive medications prior to the first muscle biopsy. Biopsied skeletal muscle (biceps brachii or rectus femoris) were flash frozen in isopentane chilled by liquid nitrogen and stored at -70°C. Serial 10 jum cryostat sections were prepared and stained with hematoxylin and eosin (H&E), modified Gomori-trichrome and various other histochemical methods including immunohistochemical staining. Muscle biopsy confirmed the various degrees of the inflammatory process. For immunohistochemistry, the sections were first treated for 30 minutes at roomtemperature with normal swine or rabbit serum to inhibit non-specific binding. Then the first antibodies were applied and incubated overnight at 4°C. After phosphate-buffered saline (PBS) rinse for 30 minutes, the sections were treated with biotinylated-rabbit anti-mouse immunoglobulin or biotinylated swine anti-rabbit immunoglobulin for another 30 minutes. After further rinsing with PB S , alkaline-phosphataselabelled streptavidin was applied for 15 minutes. Finally, the sections were treated with substrates. Following visualization, counterstaining was performed with methylgreen. In the control sections, the first antibody was substituted with nonimmunemouseimmunoglobulin.For the negative control samples, weused the muscle specimens which were taken from the non-inflammatoryconditions such as motorneuron disease and muscular dystrophy patients. 
Results
Weused the alkaline-phosphatase staining methodin the present study since lymphocytes or hematologic cells have been known to have intrinsic peroxidase activity. Myoglobin detection in the muscle fibers was used as the internal control. As expected, anti-myoglobin immunostaining exhibited a diffuse pattern regardless of the different clinical stages (data not shown). These results indicated that the antigen of the muscle fibers had been maintained at nearly equal levels in all specimens allowing us to ignore the individual sample differences in antigenicity. Moreover, we simultaneously performed immunostaining with serial specimens from the same patient and attempted to avoid technical dispersion. The present study included four cases of PMpatients who were subjected to muscle biopsy at different clinical phases. Histologically, muscle biopsy revealed the various degrees of the inflammatory process. Rimmedsarcoplasmic vacuoles containing granular eosinophilic inclusion materials were not observed in muscle fibers. Neither granulomas nor infiltrating eosinophils were identified. Case profiles with a summary of the immunohistochemical studies are shown in Table 1 . Case 1 was a 5 1-year-old womanexhibiting proximal muscle weakness associated with a slight elevated serum CKlevel.
The first biopsied muscle sample revealed little inflammatory cell infiltration and no evidence of active myositis ( Fig. 1) .
Accordingly, the patient was not treated postoperatively with corticosteroids.
However, MHC-class-I antigens were then detected not only in the capillaries but also in some muscle fibers. Four months later, proximal muscle weakness became progressively worse and she experienced severe myalgia, followed by a rise in her serum CK level to 1,533 IU/L. The second biopsied specimen showed active inflammatory changes with scattered necrotic muscle fibers ( Fig. 1 ). Immunohistochemically, muscle fibers became positive with MHC-class-II antigens and a marked infiltration of predominantly CD8-positive cells was observed ( Fig. 1 ). MHC-class-I-positive muscle fibers were more frequently observed than in the first biopsied sample ( Fig. 1) , and the numberof macrophages also increased ( Fig. 1) . Case 2 was a 65-year-old man treated with steroids. The section of muscle specimen stained with H&Erevealed a marked variation in fiber size (Fig. 2) . Many fibers had central nuclei, and somefibers were necrotic. There was moderate endomysial fibrosis throughout the specimen. Immunohistochemical investigations showed a marked infiltration of CD4-dominant T-cells and macrophages. MHC-class-I positive muscle fibers were also observed (Fig. 2) . Onthe basis of these histopathological findings, he was diagnosed as having active PM, and consequently corticosteroids were administered. Following one year of steroid treatment, the patient gradually regained muscle strength and a second biopsied sample revealed a few MHC-class-I positive muscle fibers and no infiltrating CD8-positive cells (Fig. 2) . A few CD4-positive T-cells and macrophages however, still remained (Fig. 2) . partially-invading muscle fibers, the diagnosis of active myositis was confirmed with the first biopsied sample (Fig. 3) .
Immunohistochemical examinations revealed MHC-class-I and MHC-class-II antigen expression in the muscle fibers. A marked infiltration of T-cells and macrophageswas also recognized (Fig. 3) . Among the invading T-cells, a nearly equal number of CD4and CD8positive cells were observed (Fig. 3) . Four years after the first biopsy, the patient exhibited a gradual worsening of muscular weakness and difficulty in walking and thus a second biopsy was performed. Comparedwith the first biopsied specimen, patterns of MHC-class-I and MHC-class-II antigen expression in the muscle fibers were unchanged. Although there was still a markedinfiltration of mononuclearcells, infiltration of CD4-positive cells was no longer observed (Fig.  3) . Most of the invading cells were macrophages and CD8-positive T-cells (Fig. 3) . Case 4 was a 43-year-old man with poor clinical responsiveness to steroid therapy. A muscle specimen stained with H&E showed active myositis features (Fig. 4) and steroid treatment was begun. Despite the steroid treatment, his muscle weakness gradually worsened. Animmunosuppressive agent, azathioprine , was added and the patient showed minor improvement. Following this combined treatment, CD4-positive cells diminished, but CD8-positive cells were identified (Fig. 4) . On the other hand, the number of infiltrating macrophages and MHC-class-I antigen expression in the muscle fibers remained unchanged. During the course of the present study, MHC-class-I antigens were not observed, except in only a few muscle fibers of the control samples from the muscular dystrophy and motor neuron diseased patients. Muscle fibers positive with MHC-class-II antigens were not identified in the control specimens.
Discussion
While recent in-depth histochemical analysis has enabled us to determine the subtypes of cellular infiltrates in myositis, the pathogenesis of most inflammatory myopathies remains obscure (1, 6). Among them, there have been many reports of monoclonal antibody analyses in polymyositis , and the primary immunopathological mechanism is suggested to be cell-mediated immune system dysfunction (7). Whereas there have been few reports describing the sequential immunopathological alterations in muscle fibers and subsets of infiltrating cells. In other words, only one temporal pathological feature of the patient has been evaluated in previous reports. The present study focuses on a comparative investigation using specimens taken from the same patient at different clinical stages. Although we should always pay attention to the sensitivity of the immunoreaction, in the study, as described in the results, we could not detect significant positive reactions against MHC antigens in the control samples taken from non-inflammatory conditions. These results indicate that the positive reactions for MHC antigens were pathognomonicand that their expressions were likely to have been induced by unknown etiological events. It is not certain whether transcriptional or translational regulation plays a more important role for MHCinduction in polymyositis. Wemay be able to shed some light on the pathogenesis of polymyositis if we could unravel the mechanisms of MHCinduction. Moreover, infiltrating B-cells were identified less in the active phase, and thus, those infiltrating CD4-positive cells may not be a helper, but a MHC-class-II antigen-restricted cytotoxic-T-cell, as described previously (8-10).
In summary, we performed immunohistochemical investigations of polymyositis. In polymyositis, muscle fibers exhibited higher levels of MHCantigen expression in their acute phase, and consequently, T-cells and macrophages could elicit cytopathic effects on the muscle fibers. Further studies involving infiltrating cells and muscle fibers, especially in vitro (1 1, 12) are required to identify the primary immunological nature of polymyositis and its subsequent pathological events. Furthermore, wewill attempt to apply these comparative investigations to other types of inflammatory myopathies. 
